Occupational and Recreational Activity in
Young Patients with Heart Disease C OUNSELING of young patients with heart disease includes recommendations regarding physical activity and career choice. Such recommendations have been and continue to be made with difficulty because of a paucity of data. The data are presently being gathered in many cardiac centers and will be available in the years to come. In the meantime, guidelines are needed for counseling and this report has been prepared utilizing the combined experience of many clinicians, surgeons and scientists. It should be understood that as data accumulate the guidelines will be changed, perhaps yearly.
Recommendations for physical activity and career choice are dealt with separately be-cause it is possible that an individual patient may be safely allowed unrestricted activity as a child or adolescent even though he has a defect, the natural history of which will modify his functional state as an adult and his work capacity.
It should be recognized that there are individual differences in patients with identical defects, and not the least important of these is the effect of emotional stress on caloric expenditure. Recommendations have been based on the average functional state of patients with a certain defect and should be considered only as part of the total evaluation. As exercise testing becomes more available, the evaluation of the functional capacity of an individual patient by measuring response to standardized work loads will improve the accuracy of counseling.
Occupational Activity
Various classifications have been proposed for grading occupational demands. A system based on peak loads is illustrated in Table I . These grades have been found to correspond with common conceptions of what is and is not heavy work.
The levels of energy expenditure in Table I apply only to work rates which are maintained for periods of a few minutes. Corresponding grades based on intensities that can be maintained for an hour or more would reduce the figures on caloric expenditure to 1/2-1/3 of the values applying to peak loads. Field studies have demonstrated that manual workers who are free to regulate their own pace and who are paid at a rate directly related to the amount of work they perform tend to select an average rate of work corresponding to 40 per cent of maximal capacity. Continuous work at a rate of > 50 per cent of maximal capacity results in marked fatigue and in gradual circulatory and metabolic deterioration.
The most comprehensive current source of data on physical demands of specific occupations is "Selected Characteristics of Occupations by Worker Traits and Physical Strength," Sedentary work is defined as "lifting 10 lbs. maximum and occasionally lifting and/or carrying such articles as dockets, ledgers, and small tools. Although a sedentary job is defined as one which involves sitting, a certain amount of walking and standing is often necessary in carrying out job duties. Jobs are sedentary if walking and standing are required only occasionally and other sedentary criteria are met."
Light work involves "lifting 20 lbs. maximum with frequent lifting and/or carrying of objects weighing up to 10 lbs. Even though the weight lifted may be only a negligible amount, a job is in this category when it requires walking or standing to a significant degree, or when it involves sitting most of the time with a degree of pushing and pulling of arm and/or leg controls." Medium work includes "lifting 50 lbs. maximum with frequent lifting and/or carrying of objects weighing up to 25 lbs." Heavy work is defined as "lifting 100 lbs. maximum with frequent lifting and/or carrying of objects weighing up to 50 lbs." Circulation, Volume XLIII, March 1971 46() Very heavy work involves "lifting objects in excess of 100 lbs. with frequent lifting and/or carrying of objects weighing 50 lbs. or more. Levels of energy expenditure for peak loads closely correspond to those given in Table I , and the levels for tasks frequently carried out are approximately equal to % peak loads. It is realized that the classification is based on a finite number of studies of each job situation (usually on analysis on the job in four different establishments) and that variations in characteristics may occur.
The peak energy expenditure of most professional activities, domestic work, and most tasks in light industry, laboratory and hospital work, and retail and distribution is less than 5 Cal/min. Some jobs in building and construction, agriculture, steel industry, and in the Armed Services require peak expenditures up to 7.5 Cal/min. The highest levels, occasionally exceeding 10 Cal/min. are found in commercial fishing, forestry, mining, and dock labor.
The 5 grades used in the Supplement form -a reasonable basis for general advice on career (Table I) . "Mild restriction" would exclude occupations classified as Very Heavy and Heavy and allow jobs graded Medium and below. "Moderate restriction" would exclude Very Heavy, Heavy, and Medium jobs and allow Light and Sedentary jobs. "Severe restriction" would limit the patient to Sedentary jobs.
Recreational Activity
It is virtually impossible to classify recreational activities with respect to energy demands and estimate the load on the circulatory system without introducing a fairly elaborate set of qualffications. People pursue their recreations with different degrees of vigor. Swimming may require energy expenditures ranging from less than 5 Cal/min. to more than 20 e.g. quiet breast stroke versus free-style champion class competition. The energy demand of activities such as walkingrunning and bicycle riding show a similar range depending on speed and on level versus Circulation, Volume XLIII, March 1971 uphill movement. The individual level of skill may set the upper limit in some sports, e.g. tennis. Advice concerning intensity of participation is frequently as important as advice on the type of activity.
Sports requiring isometric work, e.g. weight lifting, wrestling and gymnastics, may require special consideration because of the disproportionate increase in systemic blood pressure relative to the usual work indices of oxygen uptake and energy expenditure. Although no specific data are available showing effects secondary to such pressure elevation, it seems prudent to discourage at least those patients with lesions affecting the left ventricle, e.g. aortic stenosis or severe coarctation of the aorta, from participation in sports requiring significant isometric effort.
Mild Restriction
Rational guidelines are most difficult to formulate for the patient group in which a mild restriction is indicated. It seems reasonable to advise against sports that for full participation require work at the level of a maximal or near-maximal effort of a duration of more than % minute. Activities required during training and preparation for actual participation should also be considered. For example, prohibited activities would include track (running events); and competitive basketball, swimming, hockey, soccer, skiing and football.
Moderate Restriction
Patients of the group in which moderate restriction is appropriate should probably also be protected from competitive pressures generated by most team sports, except baseball and, perhaps, volleyball. They should not take part in a complete physical education program, including physical fitness tests, but may participate in non-competitive activities and should be allowed to stop when fatigued.
Severe Restriction
Patients should be encouraged to take up activities that are enjoyable at low levels of energy expenditure and allow the patient to ,461 The recommendations, Table II , regarding activity and career counseling are considered reasonable in the light of what is known of the hemodynamics and natural history of these defects. They may be modified by data obtained in the total evaluation of the patient. Modification will certainly be necessary as our knowledge increases and our therapeutic techniques improve.
Cross-sectional studies have demonstrated that there is a wide variation with respect to functional capacity among patients in a given diagnostic class. Actual testing may be helpful to determine more precisely the advice given an individual patient.
Basis for Recommendations
Any set of recommendations on physical activity should ideally be based on specific, detailed knowledge of: (a) the demands placed upon the circulatory system by various activities; (b) present and future functional state of the circulatory system; and (c) acute and long-term results of the interaction between (a) and (b).
These guidelines are intended to: 1) help the patient select an occupation within which he may function for maximum duration and make optimum use of his capabilities and interests; 2) advise him on physical activity in order to protect him from any potential hazardous effects of overloads of the circulatory system without imposing any unnecessary restrictions.
Our information is inadequate in many areas, particularly with respect to the longterm effects of permissive and restrictive regimens. On the other hand, data have been collected on the natural history of a variety of disorders, e.g. information on survival and functional class according to standard criteria as related to clinical and hemodynamic findings. Physical performance capacity as measured in the clinical laboratory has recently been characterized in fairly large series of young cardiac patients with common congenital defects. Techniques for exercise testing to Circulation, Volume XLIII, March 1971 determine the functional capacity of individual cardiac patients are now available. The hemodynamic response to standardized tasks (bicycle, treadmill exercise) has been studied in patients with a variety of lesions but there is little knowledge of circulatory dynamics during nonstandardized work. Recent studies utilizing telemetry for heart rate measurements during real-life activities have provided a useful index of relative circulatory load and supplemented a large body of data on the energy requirements of various occupational and recreational activities.
The following brief review is an attempt to summarize current estimates of the loads imposed on the circulatory system during various occupational and recreational activities.
Factors Determining the Load Imposed on the Circulatory System
Estimates of the demands imposed on the circulatory system during various activities and classification of jobs as light or heavy primarily reflect levels of energy expenditure. The factor limiting physical work capacity in many patients with heart disease is a restricted systemic cardiac output. Maximal oxygen uptake and maximal rate of energy expenditure are largely determined by the magnitude of the patient's maximal cardiac output. Energy requirement is, therefore, a highly relevant variable. However, it is well known that the type of cardiac defect, the characteristics of the task to be performed, environmental factors, and intrinsic individual differences may greatly modify the circulatory system response to a given level of energy expenditure.
The duration of work is important. The energy demands during a maximal effort of a duration of less than 2 minutes are largely covered by anaerobic metabolism and performance capacity is, therefore, not directly related to oxygen uptake and cardiac output. A person with a restricted aerobic capacity can frequently tolerate heavy work loads provided that the work is of short duration and followed by adequate periods of rest or work at a low intensity.
The nature of the work in terms of static or isometric versus dynamic or isotonic effort significantly affects the circulatory response. It has been well established that isometric work, and work with an isometric component, e.g. lifting, holding, or carrying objects of all kinds, pushing heavy objects, or working with the arms overhead, is associated with a much larger increase in systemic blood pressure than dynamic work at a similar level of oxygen uptake. Work at high altitude imposes an extra pressure load on the right ventricle. High altitude and high environmental temperatures also require an increased systemic cardiac output respectively to compensate for a lowered arterial oxygen saturation and in increased skin flow. The load on the circulatory system during prolonged work may also be increased by an increase in body temperature and by dehydration.
Emotional stress may produce profound circulatory changes and significantly add to the circulatory load during physical work without affecting the level of energy expenditure.
Thus, the level of energy expenditure is a useful index to the demands imposed on the circulatory system but of limited accuracy. The magnitude of the load is likely to be overestimated for tasks of short duration. A variety of factors may disproportionately increase the load.
Data on energy demands are usually given in terms of kilo calories per minute (keal/min or Cal/min).* Many writers give their results in net calories after deducting a value for estimated basal metabolism, but gross calories provide a more meaningful index of demands on the circulatory system. *The Caloric equivalent of oxygen varies between 4.8 and 5, largely depending on the relative rate of carbohydrate and fat metabolism. Values given in Cal/min may be converted to oxygen uptake in liters/min without any significant error simply by dividing by 5. An energy expenditure of 5 Cal/min corresponds to an oxygen uptake of 1 L/min. Figures on energy expenditure in Cal/min usually refer to a standard body weight of 70 kg or 150 lbs.
Body size has to be taken into consideration in any discussion of energy demands. In general, a smaller individual is not at a disadvantage so long as the task primarily consists of locomotion. The energy cost of walking and running is proportional to body weight. By contrast, the energy cost of moving objects is largely independent of body size. A small individual is at a distinct disadvantage since physical work capacity-all other factors being equal-is proportional to body weight.
There are no significant individual variations in the mechanical efficiency with which a standard muscular movement is made, but the energy expended to accomplish a given task tends to be higher in children and young adults. The difference probably reflects variations in the amount of surplus muscular activity. Training, conditioning and practicing tend to diminish this surplus muscular activity. Children tend to be unnecessarily vigorous in their movements.
AHA Statement on Young Cardiacs
Classified IA Many children with cardiac defects may be fully active, asymptomatic and classified as IA (Diseases of the Heart and Blood Vessels-Nomenclature and Criteria for Diagnosis, 6th Edition, New York Association ). However this classification represents the child's present status and does not take into account the possible progression of the disease process and thus, the possibility that significant disability will be present by the time of adulthood.
The American Heart Association recommends that appropriate human service resources be fully utilized for selected youth with heart disease classified as IA.
When vocational rehabilitation is indicated, youth, classified IA, may be accepted for vocational counseling and other rehabilitation services when in the opinion of the examining physician there is a good likelihood that the heart disorder will progress to the point of significant disability which may present a vocational handicap in adulthood.
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